INTRODUCTION
Hydrogen is used to produce ammonia, fertilizers, and fuels for internal combustion engines, as well as for the direct hydrogenation of coals and the reduction of metallic ores.
In the given work, the process of steam methane reforming characterized by lower fuel consumption compared to the steam oxygen process [1, 2] is mod eled at the stage of syngas production. The steam reforming process is considered for the ratio H 2 O : CH 4 = 2 : 1, in contrast to [3, 4] , where the given pro cess is considered at a ratio H 2 O : CH 4 = 1 : 1.
The steam reforming of methane on the alumi num/nickel catalyst at a ratio H 2 O : CH 4 = 2 : 1 can be represented by the endothermic reaction (1) which is accompanies by a 1.66 fold increase (by 5/3 times) in the volume of products and the steam con version of CO according to the direct reaction (2) and the reverse reaction [5] (3)
For this reason, the products of reaction (1) (syngas) always contain carbon dioxide in small amounts (from 10 to 3 vol % depending the process temperature).
The syngas then enters the second reactor, where reactions (2) and (3) proceed on an iron/chromium catalyst, but are characterized by the other rate con stants and The final stage in the modeling of the production of hydrogen is the separation of hydro gen and carbon dioxide in an absorber.
REFORMING PROCESS A steam-methane mixture is fed into the reactor vertical retort's bottom section filled with a fine grained catalyst. Reactions (1)-(3) proceed on the surface of the catalyst to form the conversion prod ucts, the velocity of which is increased with decreasing methane concentration and described by the depen dence w z = where w 0 is the velocity of end reforming products (at the retort outlet) on an empty cross section basis at operational pressure and temperature.
The equation that describes the decrease in meth ane concentration along the reactor height z is written as follows:
The solution of Eq. (4) with the boundary condition (5) has the form (6) In the latter expression, the velocity is average over the reactor height, i.e.,w = -= Abstract-Using the chemical reactions that accompany the production of syngas via the steam reforming of methane as a basis, the differential material balance equations were derived and solved for all conversion products on an aluminum/nickel catalyst. For the following stage of hydrogen synthesis on an iron/chro mium catalyst, the system of two differential equations of the material balance of the direct and reverse reac tions of steam carbon monoxide conversion was obtained and solved. The analytical solutions were compared with the experiment. DOI: 10.1134/S0040579513050163 DUBININ et al.
CO. Hence, the CO 2 material balance will be written as
The solution of Eq. (7) with the boundary condition
has the form
Carbon monoxide that is formed by reaction (1) At the boundary condition Steam is spent at a rate in reaction (1) with CH 4 , and H 2 O is spent at a rate in reaction (2) with CO. Steam is formed by reaction (3) from CO 2 and H 2 at a rate Let us derive the mass balance equations for reac tions (2) and (3), which take place in the second reac tor on an iron/chromium catalyst.
Carbon monoxide is spent in reaction (2) ) . A bed of the KSN 2 aluminum/nickel catalyst with a specific outer surface area S = 258 m 2 /m 3 , a porosity ε = 0.345, and a height of 1 m was poured into The flow rates of methane and steam were mea sured with standard rotameters and an orifice plug, respectively. The catalyst temperature was measured by an X-A thermocouple displaced inside a thin wall tube, which was sealed along its lower edge and placed inside an annular catalyst filled channel with a width of 25 mm and an outer diameter of 250 mm. The com position of products was determined on a chromato graph and given in Table 1 .
The volumetric fraction of steam in conversion products was determined from the flow rates of steam and conversion products and the volumetric concentrations of carbon monoxide and carbon dioxide in a dry gas were calculated by the rela tionship = --after which the concentrations of components in a dry gas were recal culated on a wet gas basis. The ratio H 2 O : CH 4 = 2 : 1 was additionally controlled using the balance equation /(m 2 s)) [7] are given in Table 1 . The comparison of the steam carbon monoxide conversion product concentrations that were obtained experimentally [8] on an iron/chromium catalyst and calculated by Eqs. (20)-(23) at a temperature of 350°С is given in Table 2 . The rate constants = 40 (m
